Background: Management of H1N1 viral infection-associated acute respiratory distress syndrome (ARDS) has primarily been focused on lung protective ventilation strategies, despite that mortality remains high (up to 45%). Other measures to improve survival are prone position ventilation (PPV) and extracorporeal membrane oxygenation. There is scarcity of literature on the use of prone ventilation in H1N1-associated ARDS patients.
INTRODUCTION
Post pandemic 2009 H1N1 viral infection, multiple small epidemic outbreaks have been reported worldwide. [1] Mortality up to 45% among patients admitted to intensive care units (ICUs) has been reported in a recent epidemic. [2, 3] The main cause of death in patients with pneumonia caused by H1N1 viral infection is multiorgan failure secondary to hypoxemia because of acute respiratory distress syndrome (ARDS) and secondary bacterial infection. [4, 5] As with other causes of ARDS, management of H1N1 viral infection ARDS is focused on lung protective ventilation (LPV) strategies, but despite that mortality remains high. [6] Other measures to improve survival include prone position ventilation (PPV) and extracorporeal membrane oxygenation (ECMO); although enough evidences showed that PPV reduces mortality (16%) compared to supine position ventilation (32.8%), [2, 7, 8] there are underutilization of this strategy, which is found in recent trials. [5, 9] In addition, there is scarcity of literature on the use of prone ventilation in H1N1 ARDS patients. [10] [11] [12] We studied the effect of prone ventilation in severe ARDS patients admitted with the diagnosis of H1N1 during an epidemic in the winter months of 2014-2015 in a southern state of India.
METHODS
This study was conducted at a tertiary health-care center in southern part of India. All patients admitted to medical ICU with H1N1 viral pneumonia having severe ARDS requiring prone ventilation as a rescue therapy for severe hypoxemia were reviewed prospectively. Polymerase chain reaction-confirmed H1N1 was included in this series. ARDS was defined as per the Berlin definition. [13] Patients with cardiogenic pulmonary edema and spinal instability were excluded from the study. All the included patients were studied while sedated with fentanyl and midazolam and paralyzed with atracurium. The ventilatory settings were set as per the treating physician. Positive end-expiratory pressure (PEEP) and FiO 2 were adjusted according to the PEEP-FiO 2 table of ARDSnet trial. [6] Measurements were obtained in supine (baseline) and PPV, after 30-60 min and then 4-6 hourly. The patients were considered to turn prone if PaO 2 /FiO 2 ratio was <100 cmH 2 O and PaCO 2 was >45 cmH 2 O. Patients were classified as nonresponders if the PaO 2 / FiO 2 ratio does not increase by >20% and PaCO 2 decrease by 6 cmH 2 O. In PPV, if no progressive improvement was seen in PaO 2 /FiO 2 and PaCO 2 over a period of 4 h, then the patients were considered to turn supine. In this descriptive study, parametric and nonparametric data were presented as means (standard deviation) and medians, respectively.
RESULTS
Between September 1, 2014, and March 15, 2015, 93 patients were treated for H1N1 viral pneumonia. Of these, 11 adult patients developed severe ARDS which did not responded to lung-protective ventilator strategies and were ventilated in prone position [ Table 1 ]. Their age range was 26-59 years (median: 48), with four patients under the age of 40 years. Seven patients were female, including one postpartum. All presented with fever, cough, and dyspnea for 4-12 days. The number of days from symptom onset to invasive ventilation ranged from 7 to 12 days (median: 8). Five patients had comorbid illness, the common being morbid obesity and diabetes mellitus. On the day of ICU admission, the median Acute Physiological and Chronic Health Evaluation-II and Sequential Organ Failure Assessment scores were 20 (range: 16-27) and 7 (range: 5-12), respectively. Noninvasive ventilation trial was given in eight patients before invasive ventilation, out of which two required invasive ventilation within 12 h and the rest in 48 h. The worst PaO 2 /FiO 2 ratio range on the day of invasive ventilation was 48-100 (median: 79). Out of 11 patients, PPV was started within 24 h in 8 patients and within 48 h in 3 patients. Preprone, ventilator, and blood gas parameters are summarized in Table 2 ; the response of PaO 2 /FiO 2 ratio to prone ventilation is shown in Figure 1 . Four patients had cardiac dysfunction, with one having viral myocarditis (global hypokinesia ejection fraction of 23%), and three patients 
DISCUSSION
In this single-center, retrospective observational study, all H1N1 infection-associated severe ARDS patients showed improvement in PaO 2 /FiO 2 ratio (>20%) after the first prone session, with many of them undergoing multiple prone sessions also. There are multiple factors which may account for the benefit in PPV such as reduction in dependent atelectasis and pleural pressure gradient, [14] alveolar recruitment, [15] homogeneous ventilation, [16] and relief of the compressive segment of the lung by the heart [17, 18] and abdomen. [19] All these factors cause reduction in ventilation and perfusion mismatch, intrapulmonary shunt, and ventilator-induced lung injury (VILI). These all lead to improved oxygenation and decreased PaCO 2 . The oxygenation and PaCO 2 response to PPV are variable and depend on the type of lung injury, percentage of recruitable lung tissue, [20] and duration of PPV. [4, 21] Patients with diffuse lung injury have less nonaerated lung tissue and respond to prone ventilation by increase in oxygenation without decrease in PaCO 2 , whereas lobar lung injury has significant percentage of nonaerated recruitable lung tissue and shows marked decrease in PaCO 2 along with improvement in oxygenation. [15] Alveolar recruitment in PPV is time dependent, with different nonaerated lung units having different plateaus for complete alveolar recruitment. [22] Till 2013, a large number of randomized controlled trials were published which did not show any mortality benefit of PPV in ARDS patients, although improvement of oxygenation was seen. [21, [23] [24] [25] [26] [27] [28] Many reasons have been put forth for nonimprovement in mortality in earlier studies such as lack of power in the study, too short PPV, heterogeneous patient population, or improved oxygenation does not translate to decrease mortality as multiorgan failure being the most common cause of mortality followed by hypoxemia in ALI or ARDS patients. [29, 30] We studied the effect of prone ventilation in severe ARDS due to H1N1, with early initiation, prolonged duration, and multiple sessions. Our study replicated the findings of Guérin et al. regarding the beneficial effect of PPV in severe ARDS when started early with prolonged duration. [8] Worldwide, ARDS is associated with substantial mortality, with unadjusted ICU and hospital mortality of 35.3% (95% confidence interval [CI], 33.3%-37.2%) and 40.0% (95% CI, 38.1%-42.1%), respectively. [5] H1N1 viral infection ARDS causes 36%-38% mortality in accordance with other causes of ARDS. [3, 31] Overall, worldwide, PPV is used in 7.9% (95% CI, 6.8-9) in all patients and 16.3% (95% CI 13.7-19.2) in severe ARDS patients. [5] As with other causes of ARDS, management of H1N1 viral infection ARDS is focused on LPV strategies, and PPV is a very safe and effective way of achieving improved oxygenation and preventing VILI. [12, 32] In recent published trials worldwide on severe H1N1 viral ARDS, only 20%, 45%, 34%, 28%, and 47% of patients were subjected to prone position ventilated before starting ECMO in Australian, French, UK, Italian, and German studies, respectively. [2, 3, 7, 31, 33] Our study differs from that of previous with regard to the optimal duration of PPV. Earlier studies with prone ventilation used short duration PPV (8 h) with no mortality benefit, [23, 24] but later studies which used longer duration PPV showed mortality benefit when used in severe ARDS patients with high percentage of nonaerated lung unit. [8, 21] In our studies, we used variable PPV duration (average: 14 h 52 min, range: 8-24 h) and continued until we did not find any improvement in oxygenation, decrease in PaCO 2 , or increase in tidal volume over a period of 4 h. In the present study, according to clinician's decision, multiple prone sessions were considered till PaO 2 /FiO 2 ratio sustained >150 in supine position. One patient had only one prone session, and later he died [ Figure 1 ].
CONCLUSION
Our study demonstrates that PPV improves oxygenation when started early with adequate duration and should be considered in all severe ARDS cases secondary to H1N1 viral infection.
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